The Rygg-Kyvsgaard oxygenator employed in extracorporeal circulation ( Fig. 1) was designed on the basis of experience gained from experimental operations on dogs (Rygg, Engell, and Kyvsgaard, 1956; Rygg and Kyvsgaard, 1957; Gammelgaard, Husfeldt, and Therkelsen, 1957; Rygg and Kyvsgaard, 1958; Rygg, 1958) . However, in Details of the apparatus itself, including ease of cleaning, risk of haemolysis, and control of oxygen ,tension, have already been published (Arnfred, Rygg, Frederiksen, Engell, Poulsen, and Rosen, 1961) .
DETERMINATION OF THE OXYGEN UPTAKE CAPACITY
In these experiments we used freshly drawn ox blood' to which had been added heparin (100 mg. heparin 'Leo' per litre of blood). The oxygen binding capacity of the blood was found to be 17f5 vol.% determined by oxygenation and subsequent van Slyke analysis of a representative sample. The total amount of blood was 22 litres derived from 11 oxen of the same breed. The entire supply of blood was placed in the desoxygenation chamber (Fig. 2 ) and bubbled with a mixture of 7% carbon dioxide and 93% nitrogen. By means of a surrounding water bath, the temperature of the blood was kept as close to 370 C. as possible.
In order to obtain a suitable initial oxygen content of the blood, it had to be bubbled with the named gaseous mixture for 10 to 15 minutes before each experiment, the oxygen saturation decreasing only slowly during the bubbling procedure. In the experiment proper the blood was pumped from the desoxygenation chamber through the oxygenator into the reservoir for oxygenated blood. The oxygen uptake was determined indirectly on the basis of the blood flow through the oxygenator and the difference between the oxygen content in the inflowing and the outflowing blood by simple multiplication. mined by a haemo-reflectometer (Ki.pp) and the oxygen capacity of the blood used. In order to avoid errors due to admixture with the blood which was already in the oxygenator before the experiment, the samples were not drawn until an amount of desoxygenated blood as large as possible had passed the oxygenator. In addition to the named samples for determining the oxygen content, we also drew samples for determining the carbon dioxide tension.
A total of 19 experiments was performed. The oxygen uptake was determined partly at varying blood flow through the oxygenator and partly at varying oxygen flow through the oxygenator.
The results are given in Table I which shows that oxygen uptakes up to 346 ml./minute were obtained. As is evident from Fig. 3 , the oxygen uptake was dependent upon the amount of oxygen used for bubbling, the uptake by the oxygenator being an average of 3% of the supplied quantity.
DETERMINATION OF THE CARBON DIOXIDE ELIMINATION CAPACITY
In these experiments we also used freshly drawn ox blood to which was added 100 mg. heparin 'Leo' per litre. The circulation of the blood was kept up by a roller pump through two oxygenators and a heat exchanger adjusted to 370 C. (Fig. 4) . In one oxygenator the blood was bubbled with mixtures containing 4% oxygen and a varying quantity of carbon dioxide. In the other oxygenator the blood was bubbled with 4% (Scholander, 1947 eliminations of up to 240 ml. /minute were achieved. Fig. 5 shows that the elimination of carbon dioxide is dependent on the carbon dioxide tension in the blood supplied to the oxygenator and on the amount of air used for the bubbling. 
DISCUSSION
To be applicable in extracorporeal circulation an oxygenator, regardless of type and construction, must in the first place be capable of supplying the patient with the amount of oxygen required to maintain the metabolism under the given conditions. In the second place, it must eliminate the carbon dioxide produced by the metabolism. The application of an oxygenator depends also on whether it can perform these two functions in such a way that the patient can adapt himself to the oxygenator without major shifts in the normal acid-base physiology. Table I shows that the oxygenator is able to effect an oxygen uptake of more than 300 ml. oxygen per minute, corresponding to an energy production of over 2,000 calories in 24 hours. An energy production of this magnitude must be considered in the given circumstances (general anaesthesia) to be appreciably in excess of human requirements.
The capacity of the oxygenator depends, as Fig. 3 shows, on the amount of oxygen supplied to it. The figure also shows that the greatest oxygen uptakes which were measured necessitated bubbling with 8 litres of oxygen per minute. It   2  2  2  2  3  3   3  5  5  5  5  7  7  7   7  7  6  5  4  3  2  7  6  5  4  3 r---l must be presumed, moreover, that the capacity of the oxygenator is reduced when the affinity of haemoglobin for oxygen has been reduced by a shift in the pH of the blood into the acid direction caused by increased carbon dioxide tension. As is evident from Table I , the experiments were intentionally performed at increased carbon dioxide tensions. If the carbon dioxide tension can be kept down to a normal level, the ability of the oxygenator to take up oxygen must therefore be somewhat greater than that found in the present experiments.
The oxygen uptake which can be measured by laboratory experiments depends on the oxygen saturation in the blood supplied to the oxygenator. If it is high, only a limited quantity of oxygen can be bound chemically in the oxygenator, and a possible excess oxygen uptake ability will result in only a negligible increase in the oxygen uptake in the form of physically bound oxygen. In order to avoid an underestimation of the oxygen uptake ability of the oxygenator, it was necessary to try to obtain such low oxygen saturations in the inflowing blood that the outflowing blood was not fully saturated. It is difficult to anticipate the oxygen uptake, however, and since it is also difficult to 'steer' the desoxygenation procedure the oxygen saturation of the outflowing blood in a number of the experiments was so low that it would not have been accepted as applicable in extracorporeal circulation. Owing to these low values, the mean oxygen tension in the oxygenator is (other things being equal) lower than the mean oxygen tension which would have existed if the blood leaving the oxygenator had been fully saturated. The low initial values favour the oxygen uptake ability of the oxygenator, as it must be presumed that the oxygen uptake is a function of the difference between the oxygen tension in the bubbles and the mean oxygen tension in the blood. It is unlikely, however, that this variation is of more than purely theoretical significance. With pure oxygen, the oxygen tension in the bubbles is around 700 mm. Hg, and the mean oxygen tension in the blood in all the experiments is below 100 mm. Hg. Thus, high and low initial values result in only a slight percentual variation in the named difference. On the other hand, the low initial values of oxygen tension, at which we aimed in order to avoid the risk of a considerable underestimation of the uptake capacity of the oxygenator, hardly entail more than a minimal overestimation of this capacity. Table II shows that the oxygenator may bring about an elimination of 240 ml. carbon dioxide per minute. This also corresponds to an energy production of 2,000 calories/24 hours, providing a respiratory quotient of 0)8. Such a high elimination of carbon dioxide, however, can be obtained only by the use of a large flow of air through the oxygena,tor, and it presupposes that the carbon dioxide tension in the blood supplied to the oxygenator is considerably higher than it ought to be. Fig . 6 illustrates the carbon dioxide elimination ability in a number of experiments in which it was justified to consider the carbon dioxide tension of the blood normal. Since bubbling with air in excess of 7 to 8 litres/minute is hardly practicable, the maximum value of 163 ml. CO2/ minute may be considered the capacity of the oxygenator in the given circumstances. In extracorporeal circulation, however, a somewhat greater carbon dioxide elimination capacity may be expected, as oxygenation of the haemoglobin brings about some reduction in the carbon dioxide binding ability of the blood.
A laboratory reproduction of this process could not be obtained with the present apparatus. On the basis of the values found in the experiments, the carbon dioxide elimination ability appears to be relatively inferior to the oxygenating capacity of the oxygenator. This is a natural consequence of the fact that the partial pressure differences between blood and bubbles obtainable for oxygen are far higher than the differences obtainable for carbon dioxide. In the latter case, the partial pressure of carbon dioxide in the inflowing blood makes up the upper limit of what is attainable.
Our experience so far with the clinical application of the oxygenator suggests that its oxygen uptake and carbon dioxide elimination capacity correspond so well to each other that it is possible to bring about sufficient oxygen uptake without essential shifts in the patient's acid-base physiology Engell, Rygg, Arnfred, Frederiksen, and Poulsen, 1961; Frederiksen, Rygg, and Therkelsen, 1962 ).
SUMMARY
The Rygg-Kyvsgaard oxygenator is a disposable bubble oxygenator made of polyvinyl-chloride. Laboratory experiments using ox blood revealed oxygen uptakes up to 346 ml./minute. The oxygen uptake was found to depend on the amount of oxygen supplied. Carbon dioxide eliminations of up to 240 ml. /minute were obtained, and the carbon dioxide elimination was found to depend on the carbon dioxide tension in the inflowing blood and on the amount of air used for the bubbling. 
